Figure 1. (a) Microfluidic worm-sorter layout and operation. (b) Illustration of the improved immobilization device using a flexible membrane to achieve three-dimensional imaging at subcellular resolutions (see Figure 2). (c, i-iv) Capture, isolation, and immobilization of an individual animal. (c, v) A close-up image of an immobilized animal, showing green fluorescent protein (GFP)-labeled posterior lateral mechanosensory neurons (scale bars i-iv: 250µm, v: 20µm).
The microfluidic small-animal sorters we developed can rapidly isolate and immobilize individual animals (see Figure 1) . The sorters consist of control channels and valves (gray) that direct the flow of worms in the flow channels. A worm is captured in the chamber by aspiration via the top channel, while the lower aspiration channels are inactive. The chamber is then washed to flush any other worms in the chamber (blue line) toward the waste or back to the circulating input. The chamber is isolated from all of the channels, and the worm is released from the top aspiration channel to be restrained by the lower aspiration channels (red line). This aspiration partially immobilizes animals to a degree where wide-field images can be taken. In order to further immobilize the animals for high-resolution imaging, we create a seal around them to restrict their motion completely. This is done using a flexible membrane (15-25µm thick) that separates a top channel from the worm channel below: see Figure 1 (b). The top channel can be rapidly pressurized to expand the membrane downwards, wrapping around the animal and forming a tight seal that completely constrains its motion in a linear orientation. Image acquisition and processing are then performed, and the worm is either collected or directed to the waste, depending on its phenotype (orange line). Quantitative analysis of the immobilization showed that its stability is comparable to chemical anesthetics, and there is no change in the lifespan or brood size of the immobilized animals. Additionally, visual observation of the animals and their neurons showed no signs of hypoxia or other distress. The high stability of this approach enables the use of a variety of powerful optical techniques, including femtosecond laser nanosurgery and three-dimensional multiphoton microscopy of whole-animals at subcellular resolutions (see Figure 2) .
To perform precisely timed chemical and time-lapse screens, we have developed an array of multiplexed chambers (see Figure 3) for simultaneous incubation, immobilization, subcellular imaging, and independent screening of many animals on a single chip. Each individually addressable incubation chamber contains posts arranged in an arc. To image animals, fluid flow is used to push the animals toward the posts. This flow restrains the animals against the posts for immobilization and subsequent imaging and also allows the medium in the chambers to be exchanged through the microfluidic channels without losing the animals. To simplify the delivery of existing large-scale RNA interference and drug libraries, we have also developed a microfluidic interface device (see Figure 4 ) that connects these microfluidic chambers to large-scale multiwell-format libraries. Minute amounts of individual compounds from standard multiwell plates can thus be routed to the incubation chambers, and the connection lines can be automatically washed between samplings. This device also functions as a multiplexed animal dispenser.
In various configurations, these technologies have the potential to significantly accelerate current genetic and drug screens and also enable completely new types of whole-animal assays. For example, we have employed femtosecond laser micro/nanosurgery to perform the first axonal regeneration study in C. elegans. 5, 6 These investigations have opened up new possibilities for genetic/drug discoveries in neural regeneration. To further explore this phenomenon, we are currently employing these microfluidic technologies to rapidly uncover the genetic and chemical factors involved in neural regeneration in living animals. 
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